Phosphorylation of Na,K-ATPase by acetyl phosphate and inorganic phosphate. Sidedness of Na+, K+ and nucleotide interactions and related enzyme conformations.
The effects of K+, Na+ and nucleotides (ATP or ADP) on the steady-state phosphorylation from [32P]Pi (0.5 and 1 mM) and acetyl [32P]phosphate (AcP) (5 mM) were studied in membrane fragments and in proteoliposomes with partially purified pig kidney Na,K-ATPase incorporated. The experiments were carried out at 20 degrees C and pH 7.0. In broken membranes, the Pi-induced phosphoenzyme levels were reduced to 40% by 10 mM K+ and to 20% by 10 mM K+ plus 1 mM ADP (or ATP); in the presence of 50 mM Na+, no E-P formation was detected. On the other hand, with AcP, the E-P formation was reduced by 10 mM K+ but was 30% increased by 50 mM Na+. In proteoliposomes E-P formation from Pi was (i) not influenced by 5-10 mM K+cyt or 100 mM Na+ext, (ii) about 50% reduced by 5, 10 or 100 mM K+ext and (iii) completely prevented by 50 mM Na+cyt. Enzyme phosphorylation from AcP was 30% increased by 10 mM K+cyt or 50 mM Na+cyt; these E-P were 50% reduced by 10-100 mM K+ext. However, E-P formed from AcP without K+cyt or Na+cyt was not affected by extracellular K+. Fluorescence changes of fluorescein isothiocyanate labelled membrane fragments, indicated that E-P from AcP corresponded to an E2 state in the presence of 10 mM Na+ or 2 mM K+ but to an E1 state in the absence of both cations. With pNPP, the data indicated an E1 state in the absence of Na+ and K+ and also in the presence of 20 mM Na+, and an E2 form in the presence of 5 mM K+. These results suggest that, although with some similarities, the reversible Pi phosphorylation and the phosphatase activity of the Na,K-ATPase do not share the whole reaction pathway.